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INTRODUCTION
The need for a larger momentum compaction in order to tame'the effects of collective instabilities has motivated a redesign of the current NLC MDR lattice [I] . The strength of the magnetic field in the dipoles was decreased causing a reduction of radiation loss and therefore requiring longer wiggler insertions to maintain the desired damping. The wiggler insertions now occupy about 61.6 m of the 300 m ring circumference (up from 46.2 m) adding further linear and nonlinear perturbations to the lattice. An accurate assessment of these effects is desirable in order to obtain a proper tuning of the linear lattice and determine the impact on the Dynamic Aperture (DA). A sufficiently large DA is required for a good injection efficiency (at injection the NLC MDR's should be capable of accommodating a beam with 150 mm-mrad normalized emittance in both transverse planes and a full width i l % energy spread).
A previous study [2] showed that the effects of the wiggler nonlinearities in the earlier design of the NLC MDR lattice while noticeable did not introduce unacceptable degradation of the DA. The study made use of a suitable fitting of the magnetic field in the wiggler midplane and a simplified symplectic integrator for tracking the orbits of individual panicles. A similar conclusion was reachedafter a first investigation of the new lattice [I] that was canied out with the wigglers modelled as sequences of standard elements (combined function dipoles, thin octupoles, and drifts). The parameters for these standard elements were tuned in such a way as to reproduce the same horizontal and vertical kicks through a wiggler period as obtained from the more accurate symplectic integrator technique employed earlier.
In this paper we report on a further study on the new lattice using a method that makes some improvements on the field representation and avoids some of the simplifications in the integrator mentioned above. The method requires An insight into the relevant terms of the map can be obtained from a simplified analytical calculation under the assumption that the particle orbits (in the deviation variables) do not deviate considerably from straight lines. In such a model the sextupole and decapole components of the field contribute to the dynamics only through feed-down terms. In Darticular, integrals of the sextupole feed-down 
MAP COMPUTATION
As an alternative to integrating the equations of motion for the individual particles we use knowledge of the magnetic fields for a wiggler period to determine the corresponding transfer map. We carry out the calculation in a canonical framework using the deviations coordinates from the reference orbit. This requires going through the following steps: determination of the vector potential associated with the field 3D multipole expansion, calculation of the reference orhit, re-expansion of the vector potential (and Hamiltonian) as Taylor series with respect to the deviation cwrdinates. The Hamiltonian in the latter form is then suitable for calculating the transfer map upon solving the equa- where M is the 6 x 6 matrix describing the linear part of the dynamics, while the fe's are homogeneous polynomial of degree e in the dynamical variables. The matrix M depends only on the quadratic part of the Hamiltonian; f3 depends also on the cubic part; fa also on the quartic part. These two generators are connected to quadratic (and higher), cubic (and higher) terms of the map in Taylor form respectively. For straight magnetic elements (in which the reference orhit follows the magnet axis) each individual 2n-pole component of the magnetic field contributes only to the fe generator with e 2 n (the main contribution is absorbed by the generator with e = n while the contribution to the generators with e > n is related to the r-varying part of the generalized gradient -a fringe effect). However, In the absence of a detailed design for the ends of the wiggler insertions we used a model consisting of bending magnets and two thin octupole and sextuple lenses.
DA STUDY
The new MDR lattice is discussed in detail in [I] . For this study we switched off the rf cavities and did not include any errors in the magnets or wigglers. Tracking was carried out element by element using the MARYLIE symplectic integrator. In particular, tracking through the wiggler insertions (consisting of 6 full periods in addition to entry and exit ends) was done by propagating the particle ohits through each individual period. using the maps determined from the field data -as discussed in the previous Section. All the other elements where modelled using the MARYLIE standard element library with the inclusion of the MARYLIE built-in modelling of fringe-field effects in the hard-edge limit. In this study the physical aperture The combined effect of chromatic sextuples and wiggler nonlinearities on the dynamic aperture are shown in Fig 3A for on-momentum particles and Fig.'s 38 and 3C for off-momentum particles (+l% and -1% respectively).
The 1% boundary appears to he mostly respected by onmomentum particles while a somewhat larger degradation of the DA is observed for off-momentum particles.
Finally, Fig. 3D shows the on-momentum DA for a r e p resentation of the wiggler periods constructed using combined function dipoles of length X, / 4 and thin octupoles. The peak field in the dipoles was set to 2.28 T, so as to give the design integrated squared field strength while the field gradient (-1.66 Tlm, defocusing horizontally) was adjusted to give a linear transfer map for one wiggler period close to the map calculated by numerical integration through the wiggler field (the individual envies of the linear matrix entries deviate less than 1%); the strength of the octupole lens was tuned to fit the : x4 : Lie generator of the same map. Both maps result in similar horizontal and vertical kicks through a wiggler period (Fig.4 ) -with some noticeable discrepancies emerging (not shown) when both z # 0 and y # 0 -a reflection of the fact that the nonlinear generators of the two maps (in particular those related to z -y coupling) are not identic& Nevertheless, on-momentum the DA aperture resulting from using the standard element model for the wiggler (Fig. 3D) does not appear very different from that resulting from the more accurate modelling (Fig. 3A) . However, a larger discrepancy can he noted in the off-momentum cases (not shown) with the calculation done using the standard-element model giving a somewhat more pessimistic estimate of the DA. Work supported by the US DOE under Contract DE-AC03-76SF00098.
